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SECTION I
INTRODUCTION

TT—
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1.1 EVALUATING AVIONICS STANDARDIZATION POTENTIAL

The standardization potential evaluation methodology
summarized in Figure 1.1-1 and described in this report was

: developed in response to a need, perceived by the Air Force

Avionics Laboratory (AFAL), for a tool capable of:

e " Identifying opportunities for the use of
standard avionics equipment across future
aircraft installation or retrofit programs

° Predicting the life-cycle cost benefits that
would accrue from the procurement of such
standardized avionics equipment.

————

R-310190

DETERMINE CATALOG
AVIONICS SYNTHESIZE AVAILABLE
SYSTEM MISSION AVIONICS TECHNOLOGIES
PERFORMANCE SUITES AND GENERIC

REQUIREMENTS SUBSYSTEMS

: MISSION DATA
i FOR USAF PLANNING

TECHNOLOGY DATA

FOR USAF PLANNING

ALLOCATE AVIONICS
SUITES TO
AIRCRAFT TYPES

CONDUCT

DEVELOP ACQUIRE
5 LIFE-CYCLE ANI’::;’EES";;,NG LCC DATA ON
: COST MODEL SUBSYSTEM

LCC MODEL

QUANTITATIVE EVALUATION
OF PROMISING STANDARDIZATION
APPROACHES

Figure 1.1-1 Top-Down Standardization Evaluation Concept
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The use of the tool at various USAF decision levels
was anticipated. It was, therefore, required to be equally
applicable to the analysis of situations ranging from the
global planning problem (force-wide application of standard

avionics elements) to local evaluations (use of a standard

avionics element on a specified program in lieu of specially
developed equipment).

The tool was required to handle studies of sub-
system standardization across avionics systems and studies of

module standardization across avionics subsystems. It was
also required to be adaptable to analyses of the effects of

different procurement policies for the acquisition of stand-
ard equipment, notably that involving long production runs
to a detailed fabrication specification, and that requiring
conformance with a form, fit and function (FB) specification.

In the real-wcrid situation of changing force stinc-
tures, changing mission capability requirements and evelving
technologies, the general problem of evaluating future avionics
standardization potential is clearly one of considerable com-
plexity. It involves a broad spectrum of disciplines ranging
from mission analysis, through technology applications analysis,
to a specialized form of life-cycle cost analysis. However,
anything less than the general approach involves the risk
of producing local results that lack validity in the general

situation.

The objective of the reported program has been the
development of an avionics standardization evaluation framework
encompassing all of the important facets of the general, real-
world situation in a manageable tool that can be used with equal
facility on more restricted problems. The provision of a tech-




} nological avionics design guide for the synthesis of future

E avionics suites was not a primary objective of the study. How-
¢ ever, to develop the evaluation tool, navigation avionics systems 1
; ; were singled out for study as being representative of avionics

} ; systems in general, and the process of defining future naviga-

| tion system requirements and synthesizing navigation suites

. has been conducted in the most general context, to ensure that

i the resulting evaluation framework can handle the most compre-

’ hensive input situation. These activities have been conducted

in a study of Standardization Potential Across Navigation

Systems (SPANS).

i 55 STANDARDIZATION EVALUATION METHODOLOGY

é : The methodology adopted for the evaluation of avionics
i standardization potential is represented in Figure 1.2-1 which
depicts its application to the problem of subsystem standard-
ization within avionics suites. It is based on a Standard-
ization Evaluation Program (STEP) developed and delivered to
AFAL under the reported contract. Operating on data inputs
(selected by a system analyst) specifying alternative mission-
capable avionics suites in each of the aircraft types under
study, STEP performs the following functions:

——

. Develops a sequence of optimal® avionics
suites for each aircraft type considered

"é
! ° Computes the avionics life-cycle cost for
¢ each aircraft avionics installation or
! retrofit program considered (Local LCC)
° Computes the total avionics life-cycle cost

across all aircraft installation or retrofit
programs (Global LCC).

*Optimal in the sense of achieving increasing levels of Mission
Completion Success Probability (MCSP) at the lowest life-cycle
cost (LCC).

1-3
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A key concept embodied in STEP is the recognition of avionics
subsystem commonality across aircraft types in the life-cycle
cost computations. Thus, if the suites nominated for eval-
uation by the analyst call for application of the same (stand-
ard) item of equipment on several aircraft, the cost benefits
due to long production runs (cost learning curves), reliabil-
ity improvement due to extensive operational experience,
common support equipment, pooled spares, etc. are reflected

in the Global LCC output.

As indicated in Fig. 1.2-1, much of the emphasis
in avionics standardization studies lies in setting up a data
base applicable to the use of STEP on the specific problem
to be analyzed. A data acquisition and storage process ap-
: plicable tc the general (force-wide standardization) problem
: is depicted in the figure, which also shows the interaction
between the system analyst, the data base and STEP. In general,
acquired data is used in two ways:

(1) By the system analyst in analyzing mission
requirements imposed on the avionics suites
and in synthesizing those suites from avail-

E able equipment

! : (2) 1In setting up data files tailored to the

input requirements of STEP. As the problem
under study becomes better defined through

the acquisition of improved data, these files
become the repository of verified knowledge

on all aspects of the problem. As this
available store of information grows, the time
spent by the system analyst in data acquisi-
tion is reduced and problems are solved more
quickly.

4 The methodology described is an efficient blend of the capa-
bilities of the system analyst and the computer. It uses the
system analyst for the solution of facets of the overall problem
that require engineering experience and judgement and are not j




easily reducible for completely computer-based solution (notably
the definition of missions, the analysis of mission requirements
for the avionics systems and the synthesis of mission-capable
A avionics suites). On the other hand, it uses the computer to
i provide the analyst with the numerical consequences (in terms of
| life-cycle cost and mission completion success probability) of
his decisions and to provide guidelines for subsequent decisions.
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g 1.3  EXECUTIVE SUMMARY

This report describes the development of a methodology
for evaluating the benefits of standardization across avionics
! ¢ systems and subsystems applicable to future USAF aircraft.
The methodology is:

Capable of handling a wide variety of standard-
ization evaluation problems ranging from

global planning studies (use of common avionics
elements across the entire force structure for
any planning time frame) to local evaluations
(use of a standard avionics element on a
specified aircraft Erogram in lieu of specially
developed equipment).

Adaptable to studies involving the use of
standard subsystems across avionics suites
or to those involving the use of common
modules across avionics subsystems.

Schedule-oriented in that it recognizes and
evaluates the impact of prior use of applicable
equipment on decisions relatin% to a subsequent
avionics installation or retrofit program.

Designed to take account of projected avionics
technology evolutions and transitions.

Useable to evaluate the effects of:

- Standardization through production to a
detailed fabrication specification.

- Standardization through conformance to a
form, fit and function (F3) specification.

Structured around a computer-based Standard-
ization Evaluation Program (STEP) which has
been delivered to AFAL, with full program
documentation, and is currently installed and
operable on the ASD CDC Cyber ¥4 computer

at Wright-Patterson AFB.

Cost-affecting mechanisms recognized by the STEP model include:

Long production run cost reductions (cost
learning curves)

1-7




Equipment reliability improvements resulting
from extended service use

Sharing of support equipment between aircraft

types
° Development cost avoidance through use of in-

service standard equipment 1
° Use of pooled spares
° Training and Technical Order cost avoidance

through use of in-service standard equipment
° Equipment reliability variations with aircraft
i and mission type.

Inputs to the program can be chosen to reflect the presence
or absence of competition as a cost factor throughout the
equipment acquisition process.

The methodology has been exercised on force-wide

evaluations relating to future navigation avionics systems as
a representative general case. The following activities have
been accomplished in this evaluation:

® Data Acquisition/Data File Creation: Twenty
three (23) representative missions have been
detailed covering Air_Superiority, Attack,
Electronic Warfare, c3, Reconnaissance, Cargo/
Transport/Tanker, and Strategic Bomber air-
craft; these have been extensively cross-
checked with User Commands and USAF mission
analysis agencies. Force structure projections
through 19%1 have been developed, including
service introduction/phaseout and avionics
installation and retrofit schedules. Air-
craft-to-mission correlation data and aircraft
deployment and use rate data have been acquired.
Navigation equipment design, performance, cost,
reliability and availablitity data have been
acquired together with relevant information on
requisite support equipment for each equipment
type. Learning curve data by technology type
has been developed from historical records.
Logistic support cost data has also been acquired
by technology type.

1-8
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Off-Line Analyses. Navigation requirements
analyses have been conducted for all missions and
used in the synthesis of mission-capable
navigation suites for each aircraft type in the
Force Structure.

Standardization Evaluation Tradeoff Studies.
Several tradeoff studies have been conducted to
verify operation of STEP and to explore the
magnitude of cost benefits accruing from the use
of standardized navigation equipment in various
contexts. The studies include:

(1) Use of a standard (detailed specification)
inertial navigation system (INS) across
a force of air-superiority, attack, trans-
port and tanker aircraft versus use of
a different INS on each aircraft type.

(2) Use of standard (detailed specification)
INS across the same mixed force versus
use of a mature, commercial INS on the
transport and tanker aircraft and a
different INS on each of the tactical
aircraft.

(3) A study to quantify the relative costs of
procurement of INS systems to an F3 stan-
dard specification for the tactical force
of the early 1980's versus procurement to
a detailed specification from a single
manufacturer.

(4) Use of a standard OMEGA receiver on
transport and tanker aircraft versus
use of a different receiver on each
aircraft type.

(5) Use of a standard digital computer on
air superiority and attack aircraft
versus separate computer selection
for each type.

(6) Use of a common strategic Doppler
radar on the strategic bomber/tanker
force versus a different Doppler
radar on each aircraft type.

1-9
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Some typical results (for the inertial system evalua-
tions) are shown in Tables 1.3-1 and 1.3-2. Table 1.3-1 por-
trays the calculated cost benefits resulting from the use of
standard (detailed specification) INS across a force of air-
superiority, attack, transport and tanker aircraft versus use
of a different (tailored) INS for each aircraft type.

Table 1.3-2 relates to the F3 standard INS procurement study
and indicates that a 'premium' cost of $104M invested in

3 INS procurement will insure against a possible

running an F
loss of $437M if a production award is made to one contractor
at the start of the program and that contractor subsequently

demonstrates a poor reliability improvement record.

TABLE 1.3-1
LIFE-CYCLE COST BENEFITS OF INS DESIGN STANDARDIZATION

CASE 1 CASE 2
LCC ELEMENT STANDARD INS NON-STANDARD INS

One-Time Costs* $ 14 M $ 99 M
Hardware Acquisition $194 M $256 M
Support Equipment $ 91 M $§172 M
Spares $ 42 M $ 58 M
Recurring Maintenance $241 M $289 M
Total $582 M $874 M

*Development, Technical Data, Initial Training, Contractor
Support, etc.

The standardization evaluation methodology and the
program (STEP) on which it is based have been verified as

efficient quantitative tools. They are available for use by
the DOD community. ﬁ
d
1-10 i




TABLE 1.3-2

RISK REDUCTION ASSOCIATED WITH F3 STANDARD SPECIFICATION

SOLE-SOURCE | SCLE-SOURCE F3
LCC ELEMENT BEST CASE WORST CASE PROCUREMENT
One-Time Costs $ 14 M $ 14 M $ 28 M
Hardware Acquisition $195 M $347 M $228 M
Support Equipment $ 74 M $113 M $ 82 M
Spares $ 33 M $103 M $ 47T M
Recurring Maintenance $169 M $345 M $204 M
Total $485 M $922 M $589 M
1-11
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1.4 OVERVIEW OF REPORT

The remainder of this report provides further detail
on the construction of the representative (navigation avionics)
scenario for development of the evaluation methodology, the
data acquired to conduct completed tradeoff studies and the
nature of STEP.

Section 2 is devoted to a description of the mission
definition and avionics system requirements analysis processes.
Section 3 describes the nature of the force structure and de-
ployment data acquired, the navigation system technology infor-
mation collected for the completed tradeoff studies and the navi-
gation suite synthesis process. Section 4 reviews the STEP
model and the premises on which it was constructed, with some
examples of its use. Section 5 presents some concepts for
modification of the standardization evaluation methodology to
simplify its use and extend its utility.

1-12




SECTION II
] AVIONICS SYSTEM CAPABILITY REQUIREMENTS DEFINITION

; 2.1 FACTORS AFFECTING SYSTEM REQUIREMENTS

The strongest factors affecting avionics system re-
quirements arise from the nature of the missions in which the
system has to operate. Thus a description of those missions
is necessary to establish the environment in which the system
operates and to prcvide a basis for the equipment utilization
schedules during the mission and the effects of equipment

failure on mission success probability. 1In general, the
following processes are required:

° Mission Identification: Determination of all
missions that impose unique requirements on the
avionics systems under study; amalgamation of
these missions into representative or composite ;
missions that exercise the avionics systems to |
the fullest extent. |

P T ATV ST T Ty
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° Mission Phase/Event Definition: This forms a
basis for the determination of equipment selec-
tion, equipment utilization schedules during the _
mission and the effects of equipment failure 1
on mission completion success probability (MCSP).
It provides mission description data for direct
use by the Standardization Evaluation Program
(STEP) .

° Definition of Mission Capability Objectives.
Capability objectives for aircraft and weapon
systems are established at various levels of
detail in several forms of USAF documentation
ranging from mission area requirements studies
and weapon utility studies to approved, required
operational capability (ROC) documents. In
general, it is necessary to amalgamate data from
a wide selection of documents to obtain a
satisfactory overview of mission capability
objectives for any extended future period of
time.

° Mission Success Probability Objectives: The
apportionment of the MCSP objective for the

2-1




entire aircraft into the MCSP objectives for
its constituent parts (and in particular for
the avionics system under study) provides, not
only a criterion for avionics system effective-
i ; ness in the STEP program, but also a guideline
: % ] to the system analyst in the synthesis of

: = mission-capable avionics suites. Specifically,
the MCSP objective gives an early indication of
the need for redundant equipment in certain
instances, particularly those in which the mis-
sion is of long duration and reliance on auto-
nomous, on-board equipment is total during
extended phases of the mission.

The determination of avionics system requirements from the above
information usually requires redefinition of the mission

, capability objectives in terms of mission performance required
of the avionics system under study. Here all of the represen-
tative missions must be scrutinized for impact on the subject
avionics system requirements. Considerable off-line analysis

is usually required in this process together with some famil-
iarity with the synergistic aspects of the relationships

between external avionics sensors and the system under study,

and between those comprising the system itself.

Some of these aspects of avionics system requirements
i definition are illustrated by the following example. To
! | preserve the unclassified nature of this report, the example
is stated in qualitative terms but it is based on quantitative
analyses conducted to define navigation system requirements
for the SPANS program.

The example concerns a type of tactical aircraft ‘in
the current USAF inventory that is equipped for visual close
air support (CAS) missions and limited night/all weather inter-
diction missions through radar offset blind bombing. Avionics
retrofit is planned to extend the aircraft's night/all weather
and counter-air (air-to-surface) capabilities. A concurrent
objective of the update is the improvement of conventienal
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weapon delivery CEPs in the visual attack mode. Current
navigation equipment consists of an analog inertial navi-

| gation system (INS) of the 3-5nm/hour class, a forward-

lookigg radar (FLR) of late 1960's technology, a radar
altimeter, a central air data computer (CADC), a TACAN receiver,
a VOR/ILS receiver, an analog navigation computer and a

back-up heading/attitude reference set. The planned update

; is based on the use of a PAVE TACK forward-looking infrared

‘ (FLIR) for target detection and identification, with the
existing FLR being retained as a cueing sensor. The size of

the aircraft dictates the use of a single primary navigation
system (no redundancy) with a mode hierarchy for graceful
degradation of capability in the event of individual naviga-
tion subsystem failure.

i Mission identification derives directly from the

, statement of required operational capability. Individual mis-
sions which represent the full spectrum of intended aircraft
uses are identified as:

- Close Air Support (CAS) T

- Quick Reaction Strike on Volatile Targets (QRS)

- Mass Movement Interdiction (MMI)

- Preplanned Attack on fixed, heavily defended
targets (PPA)

Each of these missions is detailed in terms of phases, events
and the tactical environment as these relate to navigation
avionics system operation. A typical example of the level of
detail is shown in Fig. 2.1-1 and Table 2.1-1 which are the
mission profile and mission phase table relating to the Close
Air Support Mission. Various aspects of the mission profile
and phase table data will later be used by the system analyst
in the process of synthesizing mission-capable avionics suites.

Mission phase and phase duration data will be used as direct
inputs to the Standardization Evaluation Program (STEP).

2-3
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The mission capability objectives outlined in the

statement of required operational capability are translated
into a set of dominating demands on the navigation system, as
follows. The horizontal navigation position accuracy demands
are dictated by the required ability to direct the PAVE TACK
FLIR from on-board navigation data, so that the target will
appear in its field of view. This ability must be retained
at the point of deepest penetration into hostile territory

where adversary ECM may deny the penetrating aircraft the

use of radio navigation aids and compromise the effectiveness
of the FLR. Aircraft groundspeed and vertical velocity are
also primary outputs of the navigation system; their accuracy
requirements are dictated by delivery CEP demands for con-
ventional, low-drag bombs, although the previously mentioned
PAVE TACK FLIR target acquisition requirements effectively

| create a more stringent, implicit groundspeed accuracy require-
ment on most realizable navigation systems. Aircraft attitude

information also emanates from the navigation system and its
accuracy is dominated by the need to provide accurate stabili-
zation on target of the beam of the PAVE TACK laser designator/
ranger throughout evasive maneuvers of the aircraft during
attack. Finally, the vertical position (altitude) requirement
is established by the need for accurate height above target

in the radar offset bombing mode which will be retained for

i f missions conducted by the aircraft when it is not carrying

] PAVE TACK equipment. In conclusion, it must be noted that

e

these navigation system requirements have to be met under strict
preflight reaction time constraints and that degraded mode

capability is valuable under many circumstances and must be
optimized where possible.

The existing navigation system on the aircraft is not

adequate for the new mission requirements and retrofit of the
navigation avionics on this aircraft enters into the standard-
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ization evaluation problem as one of a number of avionics
installation/retrofit programs projected for execution within L
the time frame covered by the standardization potential study.
The example will be further pursued in Section 3 of this report
where mission-capable avionics suite synthesis is discussed.

It is evident that the analyses discussed in this

section do not lend themselves to on-line computer solution

within a standardization evaluation program. For this reason
the standardization evaluation methodology has been constructed
to use the talents of the system analyst to their full extent

in off-line analyses of system requirements while providing
him with a computerized tool for the assessment of his

deliberations in terms of cost-effectiveness.

2.2 MISSION ANALYSES FOR SPANS

2.2.1 Mission Profiles and Phase Tables

Twenty-three (23) representative missions have been
detailed in the SPANS program, covering Air Defense/Superiority,
Tactical Attack, Forward Air Control, Electronic Warfare,
C3/AWACS, Reconnaissance, Cargo/Transport, Tanker and Strategic
Attack Aircraft. These missions have been amalgamated into
sixteen (16) representative mission profile/phase table sets
as follows:

° Air Defense, Point Intercept (ADPI). Air Defense/
Superiority.

. Escort Intercept (EI). Air Defense/Superiority.

(] Advanced Penetration Fighter (APF). Air Defense/
Superiority.

® Close Air Support (CAS). Tactical Attack.
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» Quick Reaction Strike (QRS). Tactical Attack.

® Preplanned Attack (PPA)/Mass Movement Interdiction
(MMI). Tactical Attack.

® Defense Suppression (DS)/Target Designation (TD)/
Penetration Escort (PE). Tactical Attack (DS and
TD) and Electronic Warfare (PE).

® Forward Air Control (FAC)/Shuttle Escort (SE).
Forward Air Control (FAC) and Electronic Warfare

(SE) .

® Barrier Standoff (gS)/C3-AWAgS (C3). Electronic
Warfare (BS) and C2-AWACS (C2).

® Quick Strike Reconnaissance (QSR). Reconnaissance.

® Battlefield Surveillance (BSR). Reconnaissance.

° Intratheater Transport (IST). Cargo/Transport.

® Intertheater Logistics Transport (ILT). Cargo/
Transport.

@ Tanker, Strategic (TS)/Tanker, Tactical-Airlift
(TTA). Tanker.

° Strategic Bomber, Penetration (SBP). Strategic
Attack.

° Strategic Bomber, Standoff (SBS)/Cruise Missile

Carrier (CMC). Strategic Attack.

2.2.2 Avionics Requirements Analyses

Requirements imposed on the navigation systems of
aircraft assigned to the listed missions have been derived
during the SPANS program. As indicated in the example pre-
sented in Section 2.1, these requirements are strongly
affected by factors external to the navigation system such

as concurrent target acquisition sensor capabilities (e.g.,
the PAVE TACK FLIR), availability and ECM susceptiblity of
cueing sensors, weapon type and delivery requirements, com-
pliance with civil aviation regulations and emergency war
order (EWO) conditions and requirements to operate in adverse

meteorological conditions.
2-8
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SECTION III ?
EQUIPMENT QUANTITY AND TYPE PROJECTIONS

33 FORCE STRUCTURE AND AVIONICS INSTALLATION/RETROFIT
PROJECTIONS

Standardization evaluations across multiple aircraft
programs vequire input figures for the quantity of each air-
craft type subject to avionics installation or retrofit in the

time frame covered by the study. This is necessary to provide
l proper weighting of the effects of decisions to standardize
E ‘ on equipment. The intended use of a standard equipment on

i 1500 tactical fighters clearly carriers more weight in poten-
tial cost savings than the decision to use the same piece of

A i

equipment on 50 electronic warfare aircraft.

Thus the definition of the force structure dynamics
is a necessary input to the standardization evaluation program.
Together with the force sturcture it is necessary to identify
the occurence of avionics installation/retrofit requirements
and/or opportunities for the various aircraft types and the times
at which they occur. Data of this type is available from

various USAF planning documents. However these tend to reflect
only those programs in which a ROC has been approved, a

Program Management Directive issued and, frequently, a specific
type of equipment is already envisioned for installation or
retrofit on the affected aircraft.

It is a required characteristic of the standardization

evaluation methodology described herein that it shall be useable
to explore the cost-effectiveness impacts of alternative

avionics installation/retrofit options that are open to
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decision-makers in the future. For this reason, a broader

view of the future force structure and the avionics equipment

options is necessary, a view that is not tied down to established
near-term programs, although these may form important subsets
of the overall situation to be evaluated.

With this requirement in mind, a generalized force
structure was constructed for the SPANS program consisting of
all aircraft types whose numbers in the projected USAF inven-
tory exceeded 30 aircraft in the 1980-1991 time frame and in
which a navigation avionics installation or update was considered

desirable as a result of mission capability objective analyses.
This generalized force structure was used as a guide to iden-
tify possibilites of future demand for new navigation avionics
rather than as a statement of USAF intentions in that area.

The USAF authorized and planned navigation equipment installa-
tion/retrofit programs became a reference subset for the SPANS

study since these programs affect the baseline analysis condi-
tions and, in some cases, themselves represent the initializa-
tion of standardization programs.
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